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Abstract
An important issue to the adoption of any enterprise ar-
chitectural approach is the availability of tools to support
the development, storage, presentation, analysis, improve-
ment and evolution of enterprise architecture representa-
tions. As with enterprise architecture methodologies, enter-
prise architecture tools to support the architectural devel-
opment process are still emerging. Most important software
vendors (e.g., Rational, BEA, IBM, etc.) are investing in
the development of large EA tools, mainly focused on their
own frameworks or on well-known architectural proposals,
such as TOGAF or FEAF. In this paper we identify an ini-
tial list of requirements that any tool for EA using RM-ODP
should fulﬁll, as a ﬁrst step towards the development of the
appropriate ODP-Enterprise Architecture tools.
1 Introduction
1.1 RM-ODP
Large-scale heterogeneous distributed systems are inher-
ently much more complex to design, specify, develop and
maintain than classical, homogeneous, centralized systems.
One way to cope with such complexity is by dividing the
design activity according to several areas of concerns, each
one focusing on a speciﬁc aspect of the system, as described
in IEEE Std. 1471 [6]. Following this standard, current
architectural practices for designing open distributed sys-
tems deﬁne several distinct viewpoints. Examples include
the viewpoints described in the “4+1” view model [12], the
Zachman’s framework [25], TOGAF [22], or the Reference
Model of Open Distributed Processing (RM-ODP) [7].
In this paper we are interested in the RM-ODP, which
is a joint standardization effort by ISO/IEC and ITU-T that
creates an architecture within which support of distribution,
interworking and portability can be integrated.
Several years after its ﬁnal adoption as ITU-T Recom-
mendation and ISO/IEC International Standard, the Ref-
erence Model of Open Distributed Processing is increas-
ingly relevant, mainly because the size and complexity
of current IT systems is challenging most of the current
software engineering methods and tools. These methods
and tools were not conceived for use with large, open
and distributed systems, which are precisely the systems
that the RM-ODP addresses. In addition, the use of in-
ternational standards has become the most effective way
to achieve the required interoperability between the dif-
ferent parties and organizations involved in the design
and development of complex systems. As a result, we
are now witnessing many major companies and organi-
zations investigating RM-ODP as a promising alternative
for specifying their IT systems, and for structuring their
large-scale distributed software designs. Examples of such
projects include the DASIBAO (D´ emarche d’Architecture
des Syst` emes d’Information BAs´ ee sur Odp) methodol-
ogy for specifying IT systems, developed by EDF (Elec-
tricit´ edeFrance) [18]; theReference ArchitectureforSpace
Data Systems (RASDS), developed by the Consultative
Committee for Space Data Systems (CCSDS, which in-
cludes space agencies such as NASA/JPL, JAXA, ESA,
etc.) [4]; the projects developed by the Interoperability
Technology Association for Information Processing (IN-
TAP) in Japan (http://net.intap.or.jp/e/); or
the Synapses project for enabling EU healthcare profes-
sionals to share patient records and medical data irre-
spective of the systems that hold them (https://www.
cs.tcd.ie/synapses/public/). RM-ODP has also
been successfully used for building Financial Systems (see,
e.g. [3, 13]) and in Government [20].
The RM-ODP provides ﬁve generic and complementary
viewpoints on the system and its environment: enterprise,
information, computational, engineering and technology.
They allow different participants to observe a system from
different perspectives [16]. These viewpoints are sufﬁ-
ciently independent to simplify reasoning about the com-
plete speciﬁcation of the system. The architecture deﬁned
by RM-ODP tries to ensure the mutual consistency among
the viewpoints, and the use of a common object model and
1a common foundation deﬁning concepts used in all of them
(composition, type, subtype, actions, etc.) provide the glue
that binds them all together.
1.2 Enterprise Architecture
Software development is a process that can not be seen in
an isolated form by companies and organizations, due of the
great effort required by current software projects in terms
of investments, resources and risks. On the contrary, this
process must be considered as a integral element of their
current business strategies. The goal of enterprise architec-
ture (EA) is to align the business systems and the IT sys-
tems in order to improve enterprise competitiveness [24].
Enterprise architecture deals with hierarchical systems that
typically span from business entities (e.g., market, depart-
ment, etc.) down to IT implementation (i.e., technological)
entities (e.g. applications, applets, J2EE beans, servlets,
DCOM, etc.). In the enterprise architecture, the concept of
hierarchical system modeling is crucial. In this sense, RM-
ODP is business oriented (e.g., it offers a well-founded en-
terprise viewpoint) and seems to have the proper elements
to model these needs and to obtain the expected beneﬁts
from the EA: better return of investment, risk mitigation,
ﬂexibility for business grow, more efﬁcient IT operations,
etc.
1.3 Tools for Enterprise Architecture
An important issue for the adoption of any enterprise ar-
chitectural approach is the availability of tools to support
the development, storage, presentation, analysis, improve-
ment and evolution of enterprise architecture representa-
tions. As with enterprise architecture methodologies, en-
terprise architecture tools to support the architectural devel-
opment process are still emerging. And although the RM-
ODP is quite a mature proposal, other approaches are gain-
ing ground to RM-ODP in terms of applicability and accep-
tance. Leading software vendors (e.g., IBM/Rational, BEA,
etc.) are investing in the development of large EA tools,
mainly focused on their own frameworks or on well-known
architectural proposals, such as TOGAF [22] or FEAF [23].
So far, there are no speciﬁc commercial tools based on
RM-ODP. Several arguments have been put forward by ven-
dors to explain this situation: (a) the small community that
comprises the ODP world from a commercial point of view;
(b) the lack of bibliographical references and tutorials hin-
ders the use and widespread adoption of RM-ODP in the
industry; and (c) the lack of ODP-speciﬁc modeling nota-
tions and tools. Apparently, (a) can be a consequence of
(b) and (c).
Issue (c) has been previously addressed by the ODP
community and, in fact, is not new to WODPEC. For ex-
ample, in [19] the authors studied how RM-ODP naturally
serves to capture business needs, system architectures, se-
mantics of processing, choices of technologies, etc. Other
proposals(e.g.,[15])discussedthedevelopmentofEAtools
based on the RM-ODP precepts.
In general, these works limit their application to some
speciﬁc concepts deﬁned by the ODP speciﬁcation lan-
guages, which can be properly used to achieve the proposed
objectives in those cases. However, if we wish to build a
general tool based on the ODP framework, then we must
allow the user to make free use of the whole set of ODP
concepts, whose semantics and constraints must guide the
tool behavior. In addition, as suggested by Akehurst [1], a
model-based tool should allow ensuring the notation- and
methodology-independent character of ODP.
In this sense, the increasing interest in the MDA (Model
Driven Architecture) initiative [17] motivated ISO/IEC and
ITU-T to launch a joint project in 2004, which aimed to
standardize the use of UML (Uniﬁed Modeling Language)
for ODP system speciﬁcations [8]. The goal is that ODP
modelers can use the UML notation for expressing their
ODP speciﬁcations in a standard graphical way, and UML
modelers can use the RM-ODP concepts and mechanisms
to structure their (large) UML system speciﬁcations. ODP
languages are expressed in terms of UML Proﬁles. A direct
consequence of this is that a numerous set of commercial
(UML) modeling tools become instantaneously available to
ODP modelers.
Although these tools provide a concrete notation and
make the ODP terminology available to UML modelers,
they do not consider other ODP speciﬁc aspects. For ex-
ample, they do not allow enforcing the ODP structuring,
conformance and consistency rules. Consistency between
viewpoints in not maintained either. And they normally do
not deal with multi-viewpoint model management and evo-
lution. Thus, it seems mandatory to build tools whose fea-
tures are closer to the ODP particularities and, at the same
time, that satisfy the actual business needs, so that ODP
becomes a competitive alternative for the speciﬁcation and
development of large distributed systems in industrial and
business contexts.
In this paper we provide an initial list of requirements
that we think any tool for EA using RM-ODP should ful-
ﬁll. To build such a requirement speciﬁcation, in Section 2
we ﬁrst identify the context and stakeholders of any ODP-
speciﬁc tool. Then, in Section 3, we explore the goals ex-
pected in terms of functional and extra-functional require-
ments. Finally, Section 4 outlines some concluding re-
marks.2 Scope and context
Before beginning to collect requirements for any tool, we
need to know the target users and the role that they play in
the organization. Since we may consider that ODP covers
the whole software process, from the business policies and
needs to the speciﬁc technological platform where the sys-
tem is implemented, it would be interesting to identify the
user roles for the tool and then to capture their expectations.
² [EA] Enterprise architect: works with other stakehold-
ers to build a coherent and viable view of the strate-
gies, processes, information and IT resources available
in the organization.
² [BA] Business architect: aims to improve the business
performance by changing and restructuring the work
teams, procedures and business tools (e.g., IT sys-
tems), if required.
² [PCA] Process architect: tries to capture, deﬁne, spec-
ify, simulate, execute and monitor the business pro-
cesses.
² [IA] Information architect: deﬁnes, structures and man-
ages any information comprised by data stored by
IT systems, and also discovers and deﬁnes both the
metainformation and any other existing constraint or
interrelationship between data, at the business and sys-
tem levels.
² [SA] System architect: interacts with users and other
stakeholders to capture high-level system require-
ments, based on the needs of the target user and on
any temporal or cost constraint. Moreover, this person
is in charge of dividing the system into subsystems and
components, while ensuring a robust and coherent sys-
tem architecture.
² [INFA] Infrastructure architect: manages the part of the
technical architecture that refers to the structured pro-
cess of designing and building IT (hardware) infras-
tructure, usually at the enterprise level.
² [INTA] Integration architect: deﬁnes the mechanisms
that allow the cooperation and interoperability be-
tween applications, the use of standardized informa-
tion assets among disparate providers and the discov-
ery of information requirements within the enterprise
and IT systems.
² [SP] Strategic planner: ﬁnds out the way to harmo-
nize IT systems and business policies, infrastructure,
resources, research, investments and goals.
² [PGM] Programme manager: manages multiple ongo-
ing inter-dependent projects.
² [PM] Project manager: manages the resources for a
single project in terms of quality assurance, cost and
time.
² [RM] Risk manager: is in charge of detecting risks and
analyzing and developing the proper strategies to man-
age and mitigate their effects.
² [QAM] Quality assurance manager: assures the quality
of all business process areas, not just testing.
² [ST] Software tester: speciﬁes and executes the process
used to help identify the correctness, completeness, se-
curity and quality of developed computer software.
² [BAN] Business analyst: for a given project, is respon-
sible for analyzing the business needs of their clients
and stakeholders to help identify business problems
and propose solutions.
² [SAN] Systems analyst: is responsible for designing,
modifying or improving computer information sys-
tems by preparing speciﬁcations for programmers to
follow. This person may also coordinate the develop-
ment of test problems.
² [PG] Programmer: is a software developer, who con-
verts the analysis speciﬁcations into executable lines
of code or information structures.
RM-ODP offers different useful concepts for each role.
These concepts are deﬁned by the different viewpoint lan-
guages. Table 1 shows the existing relationship between
these roles and each ODP viewpoint, so we are able to iden-
tify which views will be more relevant to each user.
3 What should be expected from an ODP
tool?
Basically, any ODP tool should fulﬁll a set of functional
requirements that describe the basic functionality that the
tool should provide to its users, as well as a set of extra-
functional requirements that specify the basic quality char-
acteristics of the tool.
3.1 Functional requirements
Our main premise here is that the tool needs to be
model-based (i.e., everything should be a model). Under
these circumstances, the following list describes the basic
set of functional requirements (FR) that we think that any
EA/ODP tool should provide.
² [FR-1] The tool should provide model editors for each
oftheODPviewpoints. Eacheditorwillimplementthe
corresponding viewpoint language concepts and pro-
vide concrete syntax for them.Table 1. Relationship between roles and ODP viewpoints
Role EV IV CV NV TV
Enterprise architect X X X - -
Business architect X - - - -
Process architect X X X - -
Information architect X X - - -
System architect X - X - -
Infrastructure architect X - - X -
Integration architect X X X X -
Strategic planner X X - X -
Programme manager X - - - -
Project manager X - - - -
Risk manager X - - - -
Quality assurance manager X X X - -
Software tester X X X X X
Business analyst X - - - -
Systems analyst X X X X X
Programmer - X - - X
² [FR-2] Each viewpoint model editor shall enforce the
structuring rules of its corresponding viewpoint lan-
guage.
² [FR-3] A particular model editor will provide the
mechanisms required to model the correspondences
between the viewpoint speciﬁcations.
² [FR-4] The tool should allow checking the consistency
between the different viewpoint speciﬁcations w.r.t.
the correspondences deﬁned.
² [FR-5] The tool should allow the user to check for mod-
eling defects in the individual viewpoint speciﬁcations
(i.e., models). This is to avoid common defects in the
models such as those described in [14]:
– Methods which are deﬁned, but whose behav-
ior is not described anywhere; e.g., the behav-
ioral speciﬁcation of an object should include the
treatment of all the methods deﬁned in the in-
terfaces it implements. Analogously, all deﬁned
methods should be called by some other object
(i.e., there are no methods without calls).
– Objects without names (in, e.g., sequence or ac-
tivity diagrams).
– States without names or transitions without trig-
gers in state machines.
– Methods or events not declared in interfaces.
This is particularly interesting for the individual view-
points, for which concrete lists of potential defects
need to be identiﬁed. (For instance, that all roles types
deﬁned in the enterprise viewpoint speciﬁcation are
fulﬁlled by at least one object type.)
² [FR-6] Models evolve with time. The tool should pro-
vide mechanisms to allow change and evolution man-
agement. In particular, the tool should allow mecha-
nisms for:
– Model versioning and version control manage-
ment.
– Identiﬁcation, storage and representation of
model differences.
– Change history. The history needs to be both
globally and locally managed. That is, the tool
should allow not only managing the global his-
tory of the changes made to the ODP system
speciﬁcations, but also to concentrate on partic-
ular contexts only, such as the changes applied
to a given viewpoint, or to the correspondences
between two given viewpoint speciﬁcations.
– Change enforcement: given a change in a view-
point set of elements, the tool should provide
mechanisms to propagate the required changes in
the related elements of the corresponding view-
points (using the information provided by the
correspondences deﬁned between the elements).
² [FR-7] Given the model-driven character of the tool, it
should provide users with sets of model transforma-
tions that allow the development of partial implemen-
tations of the system. For example,
– It must be possible to automatically generate,
from the information viewpoint speciﬁcations,the appropriate database structure and organiza-
tion to store the system data. This must be possi-
ble for most common implementation platforms
and database technologies.
– The tool should allow the generation of the
basic architecture and internal structure of the
system implementation for different component
platforms (e.g. J2EE, CORBA, etc.), using the
information provided by the computational view-
point speciﬁcations.
– Given the previous partial implementations, the
tool may also be able to deﬁne the appropri-
ate bridges between the two, e.g., the connec-
tions between the component templates and the
database APIs.
² [FR-8] The tool should be able to handle repositories
of ODP speciﬁcations. In this sense, the tool should be
able to:
– store models in repositories (including their dif-
ferent versions);
– search for ODP system speciﬁcations and models
that fulﬁll some selection criteria;
– retrieve models from the repository (either com-
plete speciﬁcations or particular models);
This would allow system architects to re-use existing
ODP speciﬁcations and models from previous ODP
systems.
² [FR-9] The tool should also take advantage of MDD
techniques, allowing:
– the translation between different notations (if
they are based on the same metamodel), and
– the generation of code from models to different
implementation platforms.
² [FR-10] RM-ODP proposes a series of transparencies,
which imply the use of some well-established imple-
mentations of standard solutions to recurrent problems
of distributed systems. The tool should allow the auto-
matic addition of such kind of solutions to the ODP
speciﬁcation, to address the transparencies speciﬁed
by the user.
² [FR-11] Similarly, the tool might provide with a repos-
itory of componentized solutions that implement some
of the most common ODP functions (especially for the
partial implementations of the computational and en-
gineering viewpoint speciﬁcations).
² [FR-12] RM-ODP is a coordination framework. Thus,
the tool should provide some extensibility facilities
to allow the possibility of adding new features and
functionality according to further ODP standards (e.g.,
IDLs [10], trading services [9], etc.).
² [FR-13] Software metrics are a well established tech-
nique for evaluating the quality of software systems as-
sets, from design models to ﬁnal implementations [5].
Metrics can also be very useful to the software archi-
tects to evaluate design alternatives [11], to the project
planner to estimate costs and efforts, etc. Thus, the
tool should provide the implementation of several sets
of metrics for evaluating all these aspects.
² [FR-14] Similarly, the repository of ODP system spec-
iﬁcations and models that the tool manages can pro-
vide a useful source of information. In general, the
repository is expected to contain a fair amount of rel-
evant data for the business (in terms of models, ele-
ments, assets, meta-information, etc.). Thus, the tool
should provide some mechanisms to infer useful infor-
mation from the repository elements, using data min-
ing or similar techniques.
² [FR-15] Ideally, different stakeholders might be operat-
ing simultaneously on the same models in a concurrent
and distributed way, i.e., from different physical loca-
tions. Thus, the tool should provide support for collab-
orative development of system speciﬁcation. This in-
cludes ensuring the correctness of transactions and the
provision of the proper communication and coordina-
tion mechanisms between the distributed users work-
ing concurrently on the same system speciﬁcations.
² [FR-16] Although RM-ODP is methodology indepen-
dent, in order to be useful the tool should provide sup-
port for at least one development methodology (e.g.,
DASIBAO, RUP, ...), or the possibility to conﬁgure
user-deﬁned methodologies (probably based on any of
the existing ones).
3.2 Extra-functional requirements
Extra-functional requirements (EFR) mainly depend on
the speciﬁc tool design and, thus, should be independently
analyzed for each individual tool. However, there are some
non-functional requirements that we think need to be ful-
ﬁlled by any EA/ODP tool.
² [EFR-1: Interoperability with other tools] The tool
should interoperate with other ODP-based tools. The
use of international standards and conventions should
be prescriptive.– For example, this issue directly affects the way
in which models are serialized, exchanged and
stored. Although XMI (eXtensible Metalan-
guage Interchange) might be a possible stan-
dard solution, different tools normally use differ-
ent XMI versions or add proprietary extensions,
something that hampers their interoperability.
– At a higher level of abstraction, it would be de-
sirable that the tool could provide transforma-
tions or bridges to other EA proposals, such as
TOGAF or FEAF. There are some works that
propose possible ways of integration and syner-
gies between different EA proposals (see, e.g.,
[2, 21]), at least at the conceptual level. Imple-
menting such proposals as transformations be-
tween their corresponding models might be a dif-
ﬁcult issue, but probably worth pursuing in a near
future.
² [EFR-2: Usability] The tool should be easy to use, i.e.
easy to learn and operate, and attractive to beginners.
In this respect, the implementation of helpers and wiz-
ards is recommended.
² [EFR-3: Close to domain experts] The tool must be
consistent with the ODP terminology, and be focused
on the ODP conceptual framework.
² [EFR-4: Extensibility] The tool should be extensible, so
it admits the addition of new features and functionali-
ties (e.g., plugins).
² [EFR-5: Security] Since many different stakeholders
can take part of the development process, the tool
should ensure that the information is accessed in a se-
cured way. This may be achieved by, e.g., using per-
sonal privileges for accessing the data, metainforma-
tion, models and functionality; using access control
lists, passwords, or any other appropriate mechanisms;
etc.
4 Conclusions
Despite the maturity and completeness of RM-ODP, the
lack of EA tools to support the development and manage-
ment of ODP system speciﬁcations implies a real impedi-
ment to its wider adoption in industrial settings.
The recent appearance of a new standard for establishing
a concrete syntax for expressing ODP viewpoint speciﬁca-
tions based on UML [8] may facilitate the development of
EA tools based on ODP.
This paper has proposed an initial set of requirements for
such kind of tools with the goal of identifying the work that
needs to be done for developing them. Of course, the list
that we have presented here does not try to be exhaustive
or complete. It is just a proposal from where to start iden-
tifying further requirements, and polishing those described
here.
In fact, there are some important issues to address, most
of them already discussed (but rarely solved) by the Soft-
ware Engineering community. For example, do the current
standards (e.g., UML4ODP, XMI, etc.) really provide the
tool interoperability requested? Is it possible to extend cur-
rent modeling or EA tools to incorporate these new capa-
bilities? How do we model the action semantics or specify
certain constraints on models? Since current tools mainly
use their own mechanisms, this may hinder the real extensi-
bility and interoperability of ODP-speciﬁc applications.
Furthermore, some of the requirements presented here
might be too ambitious, and other may require some re-
ﬁnements to make them more concrete. In this respect, a
priorization of the requirements seems to be required, or at
least the identiﬁcation of those which need to be mandatory
and those which might be optional. But this falls out of the
scope of the paper, and may be more appropriate for discus-
sions at the right forums. In this sense, WODPEC might be
the right event for framing this kind of discussions, and pro-
vides the venue for further reﬁnements and consolidation of
the proposal presented here.
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